W
hile Preston 1 and Rodgers 2 were among the first to present an empirical ecological association between life expectancy and income inequality at the international level, fresh impetus to examine this association came from studies carried out within rich countries, 3 sparked by Wilkinson's seminal paper in 1992. 4 Ecological studies carried out both across countries 4 and within countries 5 6 have demonstrated a correlation between income inequality and lower life expectancy. The ''income inequality hypothesis'' posits that the distribution of income in society, over and above individual/household incomes, matters for population health. In other words, individual life expectancy depends not just on how much income individuals (or households) have, but also on the distribution of incomes within the society in which individuals reside.
In recent years, a number of multilevel studies have been published investigating the link between income inequality and a variety of health outcomes, ranging from mortality, [7] [8] [9] [10] [11] [12] [13] [14] self rated health, 5 7 15-21 health behaviours, 22 and depressive symptoms. 21 Of the 16 such studies published to date, the number of studies that found no association between income inequality and health after controlling for individual/household income (n = 9) have slightly outnumbered the studies that did find evidence for a contextual effect of income inequality (n = 7). The growing number of null studies recently prompted a comment in an editorial in the British Medical Journal that the evidence for the income inequality hypothesis was ''slowly dissipating''. 23 Such a conclusion seems premature as the international evidence not supporting a link between income inequality and health outcomes have (so far) been carried out in societies that are more egalitarian than the United States (the support, meanwhile, has been very strong within the United States 13 16 24 25 ), and moreover have welfare state protections that are more far reaching than in the US-for example, Japan, Sweden, Denmark, New Zealand, and even the UK. There is a need, then, to test the income inequality hypothesis on large samples within countries that are more inegalitarian than the rich OECD countries (including the USA). The aim of this paper is to develop an explicitly multilevel test of the links between household income, community income, and income inequality on individual health in Chile. Chile provides a particularly interesting case study, as it is far more unequal than the United States (having implemented neoliberal economic advice from the Chicago School during the 1980s and 1990s). The country also maintains an excellent health information system, making it an ideal testing ground for the income inequality hypothesis. With an average life expectancy of over 75 years in 2000, and a per capita income of about US $5000, Chile presents a society in an advanced stage of the epidemiological and economic transition.
Five related, yet distinct, hypotheses that capture the multilevel aspects of the health/income relation 26 20 are addressed in this study:
N that self rated health improves with increase in household incomes (the absolute income hypothesis);
N that the relation between household income and self rated health varies across communities (community contingent individual absolute income hypothesis); N that self rated health improves as the community in which the individual lives becomes richer (community absolute income hypothesis); N that self rated health deteriorates as the community in which the individual lives becomes unequal (community income inequality hypothesis); and N that there is a cross level interaction between community income inequality and household income, such that the most adverse effect of income inequality is on poor individuals, while it may not have any impact on rich individuals (or may even be beneficial) (individualcommunity interaction hypothesis).
The income inequality/health relation question is thus intrinsically multilevel, whereby the causal processes (income differences, here) are hypothesised simultaneously at two levels, individual and community, with possible interaction between the two.
METHODS
We used data from the 2000 National Socioeconomic Characterization Survey (CASEN) from Chile. 27 CASEN is a national, population based survey (representative at the community level) carried out by the Ministry of Planning since 1985 to describe the socioeconomic situation as well as the impact of social programmes on the living conditions of the Chilean population. The sample data for the analysis consisted of 98 344 people aged 15 and older who belong to a random sample of 61 978 households from 285 communities across the 13 regions of Chile (table 1) .
The 2000 CASEN for the first time included a question on self rated health for the population aged 15 and above. Self rated health was determined by people's response to the question, ''In general, would you say your health is very good, good, average, poor, very poor, don't know, don't want to answer?'' For the analyses we excluded the last two categories and collapsed the remaining five categories to form a dichotomous outcome of self rated health: 0 for very good, good, and average; and 1 for poor or very poor. This was done to make our study comparable to the previous studies of self reported health, all of which have considered them in a dichotomous manner. In the final sample, about 8.7% reported being in very poor/poor health. A similar question was included in a different survey, ''Living conditions of the population'' carried out by the National Statistical Institute and Ministry of Health, and similar proportions were observed.
28 Table 1 provides a summary of the individual/household and community level variables used for the analysis. At the household level, equivalised monthly household income (in US$)-our primary household level predictor of interestreported by respondents was categorised into very poor (less than $30); poor ($30-60); low ($60-200); middle ($200-500); high ($500-1000); and very high (more than $1000). We adopted the equivalisation procedure that is used in the Luxembourg Income Study-that is, to divide the household income by the square root of the number of household members. The categorisation at the lower end of the income spectrum (very poor and poor) reflects the official definition of poverty in Chile, while the remaining categories correspond broadly with local perception of income scales. We also examined other key individual socioeconomic and demographic predictors of self rated health including age, gender, ethnicity, marital status, educational attainment, employment status, type of health insurance and household urban/ rural residential affiliation. In Chile, there are two ''ethnicities''; the first relates to those who have Spanish roots and the other relates to the Mapouches, almost without a mixture. The Mapouches are the minority and equate to what can be considered as the indigenous people. At the community level, the Gini coefficient was used to measure income inequality. 29 The potential value of the Gini ranges between 0 to 1, with 0 representing a society with no income inequality and 1 representing societies with perfect inequality. The Gini coefficient for the 285 communities was calculated from the per capita household income data of the 2000 CASEN survey using the Stata program. While calculating the Gini we accounted for the sampling design and weights associated with the survey.
Multilevel statistical techniques provide a technically robust analytical framework when the causal processes that affect the outcome are hypothesised to operate at more than one level simultaneously. 26 30 We conducted a multilevel regression analysis with 98 344 people at level 1, nested Base: urban (n = 57057; 58%) Contrast: rural (n = 41287; 42%) Level 2: Communities, n = 285 Community level predictor variables Gini coefficient Base: low inequality, less than 0.4 (n = 25, 9%) Contrast: medium inequality, 0.40-0.45 (n = 68, 24%); high inequality, 0.45-0.50 (n = 96, 34%); very high inequality, 0.50 and above (n = 96, 34%) Median income (in US$) Mean = 176.50 Range = 74-1108 Level 3: Regions, n = 13 within 61 978 households at level 2, nested within 285 communities at level 3, within 13 regions at level 4. As the response is binary, a multilevel logistic model based on a logit-link function is used, allowing for extra-binomial variation. Models were fitted using the iterative generalised least squares maximum likelihood estimator as implemented within in the MLwiN program version 1.10.0006. 31 We used the marginal quasi likelihood approximation with a first order Taylor linearisation procedure being applied. 32 While the marginal quasi likelihood approximation tends to be downwardly biased compared with the predictive/penalised quasi likelihood approximation, the models did not achieve convergence with the latter. The empirical models showed significant under-dispersion (0.90). Consequently, the three models, developed in a sequential order, allowed for underdispersion. We will now discuss the results from these models. Table 2 presents the results for models 1 and 2 (all estimates are in logits) along with the odds ratios (OR) and their respective 95% confidence intervals. While model 1 is a null model with no predictor variables in the fixed part and a random variance component for households, communities and regions, model 2 presents estimates for individual and household predictor variables in the fixed part model and a random variance component for households, communities and regions. Apart from age and education, the remaining individual predictors are specified as indicator dummy variables. The constant (the base category), in model 2, represents a rural man, aged 45, who is living with a partner or married, belongs to the non-ethnic group with eight years of education and is employed belongs to the very high income category with private health insurance. The reference groups, in other words, is seen to be the ''best'' group with a 1.1% probability of reporting poor health.
RESULTS
Adjusting for age, sex, marital status, ethnicity, employment status, urban-rural residence, education, and type of health insurance, a strong relation between individual self rated poor health and household income was observed. Importantly, the health-income relation was not simply patterned across poor compared with non-poor household income groups, rather a strong income gradient in self rated health was observed, with the very poor most likely to report poor health (OR = 2.94; 95% CI: 2.22 to 3.90) followed by poor (OR = 2.79; 95% CI: 2.17 to 3.60), low (OR = 2.07; 95% CI: 1.64 to 2.60), middle (OR = 1.74; 95% CI: 1.39 to 2.18), high (OR = 1.38; 95% CI: 1.08 to 1.76). Figure 1 presents the graded relation between individual self rated poor health and household income.
The random part results in model 1 (table 2) suggested that variations between communities and regions were statistically significant. This variation remained significant, even after controlling for a range of individual predictors, including income, and after allowing for household level clustering. Stated differently, while individual self rated poor Figure 1 Average relation between household income and poor self rated health expressed in terms of odds ratios along with their 95% confidence intervals (reference group: households with an equivalised monthly income of US$1000 and above).
health is strongly correlated to individual socioeconomic status (SES), captured through a range of individual/household measures, they explain very little of the between place variation in self rated poor health in Chile. This would suggest that communities are not simply clustered along individual SES lines. While results from model 2 suggest that communities matter, independent of individual SES, it need not matter in the same way for all income groups. We tested whether the average effects of household income on health varied across communities in such a way that community variation is greater for one income group as compared to another. The models did not converge, however, when we specified a complex variance-covariance structure based on income at the community level. Several modelling strategies were tried but we were unable to estimate a differential income effect for the different communities suggesting that perhaps the effect of income does not vary substantially across communities. Table 3 presents the results from model 3 that assessed the contextual effect of community income inequality on self rated health, after controlling for household income, community median income and other key individual predictors. Our results suggest that community income inequality has an independent effect on health, over and above the well known effects of individual/household income. As shown in figure 2 , compared with reference category of communities with least income inequality (less than 0.4) in the context of Chile, the remaining categories have greater odds of reporting poor health. In particular, communities with the Gini ranging between 0.4-0.45, show significantly higher odds ratio of reporting poor health (OR = 1.22, 95% CI: 1.04 to 1.43) with the excess risk remaining about the same for communities with income inequalities greater than 0.45 and 0.5. Although not reported here, we also tested for a cross level interaction effect between household income groups and community income inequality, but found no significant effect. Importantly, including community Gini marginally reduces the community variation, as can be observed by comparing the random coefficients at the community level associated with constant in model 2 (0.067) and model 3 (0.063).
DISCUSSION
In this study based on a nationally representative cross section of Chile, we found evidence for both the absolute income hypothesis as well as the income inequality hypothesis. Firstly, we found a strong graded relation between household income and self rated health (the absolute income hypothesis at the individual level). The association was not simply confined to the poor; with each increment in income, the odds of reporting poor self rated health was reduced. At the same time, the relation was not linear. In Chile, as in other countries, the steepest relation between income and self rated health was observed at lower levels of income, and the curve became flatter at successively higher incomes.
Secondly, we found statistically significant community variations in self rated health that could not be explained by individual compositional factors, including household income levels. There is a tendency in the literature to attribute community differences in health to ''omitted'' individual compositional factors.
A third observation from our analyses was that after adjusting for household income and community income, there was evidence for an independent effect of community income inequality on poor self rated health. The magnitude of the association between community income inequality and poor self rated health was as expected smaller (fig 2) compared with the magnitude of the association between household income and health (fig 1) and is consistent with the pattern found in previous multilevel studies of income inequality and health elsewhere. Factors that are more proximal to the person (such as household income) are expected to show a stronger association with individual health status, compared with factors that are more distal (such as community income inequality). Importantly, this does not mean that community determinants are somehow less important than individual determinants of health. Even small odds ratios for community level variables can imply a significant public health problem if the exposure to that condition is widespread, as is the case for community income inequality.
It is worth remarking that the association between community income inequality and poor self rated health Figure 2 Relation between community income inequality and poor self rated health expressed in terms of odds ratios along with their 95% confidence intervals (reference group: communities with a Gini coefficient of less than 0.4).
was not monotonic in Chile. Rather, the empirical results from our study support the possibility of a ''threshold'' effect of income inequality on poor self rated health, above Gini levels of about 0.45. Finally, we also found a significant effect of community median income on self rated poor health such that living in communities with higher median income reduced the probability of reporting poor health.
Limitations
Our study is not without limitations. Firstly, our study was cross sectional, limiting our ability to draw causal inferences, in particular the direction of the association between household income and self rated health that could be potentially bi-directional. Secondly, while our sample size was sufficiently large to draw inferences for the population of individuals and the population of communities, at the region level, as there are only 13 regions in Chile, we need to be cautious about drawing extensive inferences on the between region variations observed in the analysis. While an alternative strategy would have been to model the 13 regions of Chile as a fixed effect, as our primary interest was not in making region specific inferences we did not specify them as ''fixed effects''. At the same time, we recognise that community variation should be estimated after taking into account the regions to which they belong and hence the treatment of regions as a ''random effect'', which is compatible with our conceptual framework. Thirdly, we have not tested whether the income inequality/health association was sensitive to the measure used. Moreover, the income data to compute Gini coefficient were derived from the same data source, CASEN, from which the health outcome and other individual characteristics were obtained. Finally, we must acknowledge the issues related to the outcome, self rated health. Self rated health could be measuring individual perception of health status as well as individual expectations of health. This can be especially problematic in the context of poor countries whereby poor people are less likely to report poor health given their lower expectations of health. 33 At the same time, disadvantaged groups tend to have higher mortality. However, as the socioeconomic predictors of self rated health are in the expected direction we believe that the measure of self rated health in the context of Chile is quite appropriate.
In this paper, using an explicitly multilevel analytical framework, we investigated the relation between household income, community income, and income inequality and self rated poor health in Chile. We found evidence supporting both an absolute income effect (at the individual/household and at the community level) as well as an income inequality effect on self rated health. Our study suggests the need to test the income inequality hypothesis in additional Latin American and Asian countries, most of which are more unequal than the USA. It is possible that there is a threshold effect of income inequality on population health, such that effects become apparent only above a certain level of inequality. This may partly account for the apparent lack of an effect of income inequality in other, more egalitarian societies, such as Japan, Sweden, Denmark, and New Zealand.
